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Introduc7on	
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Finite	
  Isospin	
  Chemical	
  Poten7al	
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•  	
  Insight	
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Pion	
  Condensa7on	


KS	
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Kogut,Sinclair	
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  happens	
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Phase	
  Diagram	
  of	
  QCD	
  at	
  µI≠0	
  	

•  Condensa0on	
  and	
  confinement	
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Introduc7on	
  of	
  µI	
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Parameters	

•  Wilson	
  fermion	


・laKce	
  size:43×8	
  
・β=5.0	
  
・κ=1.50	
  
・μI=	
  0	
  ~1.3	
  
・λ=	
  0	
  	
  
・mπ=1.869(8),	
  mρ=1.916(9)	
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Correlators	
  	

•  43X8	


f(t) = a exp(�m1t) + a exp(�m2(8� t))
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Correlators	
  (π)	
  	

µI=0	
  ~	
  1.0	


π-	
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• 	
  The	
  behavior	
  of	
  correlator	
  changes	
  	
  
	
  	
  	
  drama0cally.	
  
• Mass	
  becomes	
  lighter.	
  	
  	


π0	
  
• 	
  The	
  behavior	
  of	
  correlator	
  does	
  	
  
	
  	
  	
  not	
  change.	
  	
  	
  
• 	
  µI	
  does	
  not	
  affect	
  	
  	
  π0	
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Pion	
  Masses	
  vs	
  µI	


mπ/2=0.934	

• Consistent	
  with	
  chiral	
  perturba0on	
  	
  
	
  	
  theory	
  

• π-­‐	
  :condensates	
  
• π0	
  :constant	
  
• π+	
  :mass	
  increases.	
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Rho	
  Masses	
  vs	
  µI	


mπ/2=0.934	

mρ/2=0.958	
• Charged	
  π	
  and	
  ρ	



	
  The	
  behavior	
  of	
  mass	
  is	
  the	
  same.	
  	
  	
  
• Neutral	
  π and	
  ρ	


 π0: mass	
  does	
  not	
  	
  change.	
  	
  
 ρ0: mass	
  becomes	
  lighter.	
  	
  	
  	


• Caveat	
  
	
  The	
  quark	
  mass	
  is	
  heavy.	
  	
  
	
  The	
  interes0ng	
  window	
  is	
  very	
  small.	
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Finite	
  Temperature	


KS	
  fermion	
  	
  
Kogut,Sinclair	

arXiv:hap-­‐lat/0202028	
  	
  

• T≠0	
  
	
  They	
  observe	
  finite	
  
	
  pion	
  condensa0on.	


T≠0	
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Parameters	
  for	
  T≠0	

•  Wilson	
  fermion	


・laKce	
  size:43×Nt	
  
・β=5.0	
  
・κ=1.50	
  
・μI=	
  0	
  ~1.3	
  
	
  ・mπ=1.869(8),	
  mρ=1.916(9)	
  

• 	
  	
  We	
  changed	
  NT,	
  but	
  we	
  do	
  not	
  	
  
	
  	
  	
  observe	
  the	
  phase	
  transi0on	
  on	
  the	
  	
  
	
  	
  	
  small	
  laKce.	
  
•  π	
  condensa0on	
  seems	
  to	
  evaporate.	
  
• 	
  Parameter	
  choices	
  are	
  important	
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  volume,	
  β	
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Summary	

•  Revisit	
  finite	
  isospin	
  chemical	
  poten0al	
  with	
  Wilson	
  
ferminon	
  
– We	
  observe	
  pion	
  condensa0on	
  as	
  well	
  as	
  rho	
  condensa0on	
  	
  	
  

– π:	
  Consistent	
  with	
  chiral	
  perturba0on	
  theory	
  
• π-­‐	
  condensate,	
  π0:	
  mass	
  is	
  constant,	
  π+:	
  mass	
  increases	
  

–  	
  ρ:	
  	
  mass	
  behavior	
  is	
  almost	
  the	
  same	
  as	
  that	
  of	
  	


• ρ0: mass	
  decreases.	
  

– Finite	
  temperature	
  	
  

• We	
  do	
  not	
  observe	
  the	
  phase	
  transi0on	
  
	
  	
  -­‐>	
  lager	
  volume?	
  	
  β	
  should	
  be	
  changed.	
  	
  	
  	
  	
  	
  


